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A micro-four-point probe technique for local electrical conductivity measurement is presented. An
atomic force microscope AFM probe was fabricated into four parallel electrodes isolated from
each other. Electrodes separated by a distance as small as 1.0 m were used to perform the current
and electrical potential measurements. This technique is a combination of the principles of the
four-point probe method and standard AFM. The equipment is capable of simultaneously measuring
both surface topography and local electrical conductivity. Experiments show the microprobe to be
mechanically flexible and robust. The repeatable conductivity measurement on the submicron
surface of thin aluminum and indium tin oxide films demonstrates the capability of the equipment
and its possible extension to characterize microdevices and samples. © 2005 American Institute of
Physics. DOI: 10.1063/1.1988130
Characterization of electrical conductivity is urgently
needed to cope with many new technologies, especially in
the areas of nanodevices and biomaterials. A number of tech-
niques were developed recently to meet such needs, e.g.,
eddy-current,1–3 microwave,4–7 and four-point probe
techniques.8,9 The celebrated four-point probe method has
played a significant role in helping to understand the electri-
cal properties of bulk solids for many decades10,11 in that the
electrical conductivity is measured as a current-to-voltage
ratio while compensating for the geometrical effects. This
technique is particularly suitable for situations where the
electrical conductivity is homogeneous in a volume that is
large compared to the electrode spacing, but is rendered in-
effective in the presence of homogeneity over smaller spac-
ing. Quantification of surface conductivity is further limited
when the sample is granular or is a thin coating on a bulk
substrate, since the measurement current will generally flow
through three coupled channels of surface, interface, and
bulk substrate.12,13 One way to resolve such intractable prob-
lems is to reduce the electrode spacing below inhomoge-
neous dimensions. Recently, various four-point probes have
been fabricated by means of photolithography in order to
obtain a higher spatial resolution.14,15 Minimum spacing be-
tween the electrodes that is achievable in commercial probes
is roughly 5.0 m,16 while micro-four-point probes with
electrode spacings of several hundreds nanometers are also
reported.17,18 However, these probes are difficult to use for
scanning because of problems in manipulating the force be-
tween the probe and sample surface due to their structure and
rigidity.
In this report, we demonstrate a microscopic four-point
AFM probe 4P AFM probe with an electrode spacing of as
small as 1.0 m. This probe not only retains the ability of
surface profile imaging but is also capable of characterizing
simultaneously the local conductivity . Moreover, the force
applied to the surface is smaller than 10 pN, which provides
a nondestructive measurement and still ensures good electri-
cal conducting between the probe and sample. The measure-
ment can be utilized for various materials such as metal,
organic, and inorganic samples and biomaterials.
Figure 1 shows a micrograph of the 4P AFM probe. The
device was fabricated based on modification of a conven-
tional silicon nitride bio-AFM probe with a cantilever having
a dimension of 100 m30 m0.18 m. A V-shaped tip
with a two-dimensional sliced structure was created at the tip
of the cantilever. The tip height is 7.0 m and the apex angle
is less than 90°. This unique structure facilitates the micro-
fabrication of the four electrodes. The probe is coated with
30 nm gold film and its cantilever has a spring that is con-
stant around 6 pN/nm. As shown in Fig. 1a, the electrodes
were introduced by fabricating three slits at the tip of the
cantilever by use of a focused ion beam system FIB. The
spacing of the two inner electrode pairs electrode 2,3 is
approximately 1.0 m and the outer pair electrode 1,4 is
4.0 m. Figures 1b and 1c show the fabricated cantilever
and substrate of the probe in detail. The gold film was etched
to form four disconnected conducting paths. The device al-
lows simultaneous current transmission and detection of
electrical potential drop.
Figure 2a is the scanned AFM surface image of a stan-
dard sample by applying the 4P AFM probe. For comparison
with the conventional AFM surface topography scanning, a
typical contact mode image was obtained with a AFM pyra-
mid probe over a 5.0 m5.0 m test pattern at 1.0 Hz,
and another image was generated by the probe. Figure 2b
shows a virtually identical image. The presence of the few
fuzzy scratches is believed to be the result of potential
wobble that is induced by the force inhomogeneous between
the neighboring electrodes, and the consequent offset of the
reflected AFM laser signal.
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Figure 3 shows the experimental I-V relations of Al and
indium tin oxide ITO thin film samples, which were ob-
tained by applying the same microscopic 4P AFM probe for
the surface topography scanning. Here, the two outer elec-
trodes act as the current source and drain, while the inner
ones measure the voltage drop using a digital voltmeter. A
constant current is applied in our experiments in order to
minimize the influence of contact resistance between the
electrode tips and the sample surface. The measurements
were performed with a scan rate of 0.25 Hz over a scan area
of 1.0 m1.0 m in a constant force contact mode. The
I-V data were acquired during continual scanning using the
same probe for both Al and ITO thin film samples. The mea-
surements were reproducible. In fact, the significant voltage
drop clearly indicates simultaneous contact of all four elec-
trodes. Since the mechanical contact force is small, the spac-
ings between the electrodes and the contact resistance are
assumed to be constant in our analysis.
Electrical conductivity  of a specific sample is deduced
using a classical semi-infinite model, with = I /2V
1/S1+1/S3−1/ S1+S2−1/ S2+S3.19,20 Since the inter-
electrode spacings are sufficiently small, majorities of unde-
termined samples can be regarded as semi-infinite bulks,
even though the sample thin films span several micrometers
in thickness into the substrate. The measured values are com-
parable with the literature21 and are summarized in Table I.
FIG. 1. a Scanning electron micrograph SEM of the four-electrode
probe, which was fabricated from a V-shaped tip of a conventional AFM
probe. The inset shows the original tip geometry before FIB fabrication. The
directions of the tips shown in the two images are opposite. b The
micro-4P AFM probe cantilever. c The well-defined circuitry on the probe
surface.
FIG. 2. Color online. a AFM surface image obtained by the micro-4P
AFM probe scanning. b Typical surface topography of the same sample
obtained by standard AFM contact mode probe.
FIG. 3. Color online. Current-voltage data of aluminum and ITO thin film
samples obtained by the micro-4P AFM probe with a scanning rate of
0.25 Hz, working environment temperature at 24.9 °C, and relative humid-
ity 46.2%. Area scanned is 1.0 m1.0 m. Data are fitted to linear func-
tions as shown.
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The present preliminary work shows the unprecedented
viability and capability of the new micro-4P AFM probe
in characterizing electrical properties of a submicron surface.
The technique offers a new way to measure the conductivity
of fragile objects, biomaterial specimens, and even biothin
films in a submicron scale. In addition, the instinct force-
feedback control of AFM facilitates nondestructive
measurement.
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TABLE I. Conductivity of the samples obtained by using the 4P AFM probe
technique.
Samples
Conductivity
−1 cm−1
Standard deviation
−1 cm−1
Aluminum thin film 1.482105 2.067103
ITO thin film 1.204102 4.805
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